The green macroalgal genus Ulva (incl. Enteromorpha) is the most common, ubiquitous, and environmentally important genus. Certain taxa serve as experimental organisms for fundamental research such as algal genetics. We established three lines of Ulva compressa from the coasts of Japan, named Ehime, Nagasaki and Iwate lines which consist of two strains of different mating types. For further genetic research of U. compressa, genetic markers are imperative. Here we report nine polymorphic microsatellite markers developed from enriched genomic libraries. The number of alleles per locus ranged from 7 to 19. These markers will be applicable for investigations of population structure.
Ulva compressa Linnaeus (syn. Enteromorpha compressa, Hayden et al. 2003) has tubular thalli. The life cycle of U. compressa alternates between two morphologically-identical reproductive stages, a haploid gametophyte phase and a diploid sporophyte phase. Gametes of U. compressa can germinate parthenogenetically and develop into dioecious gametophytic thalli (Tatewaki 1994) . Therefore, separate clones of mating type plus and minus gametophytes can be established from the gametes. It is possible to produce a large quantity of genetically identical thalli in culture. U. compressa completes its life cycle in laboratory culture within 6 weeks and gametogenesis is easily induced to enable the synchronized harvesting of gametes at specific developmental stages. For further genetic investigations, genetic markers are imperative. Five polymorphic microsatellite markers have been reported in Enteromorpha intestinalis (Alström-Rapaport and Leskinen 2002) . Their PCR primers did not work in U. compressa. To address genetic experiments, therefore, we developed nine microsatellite markers for the green alga U. compressa.
Materials and methods

Plant materials
The thalli of U. compressa were collected at three areas of the coast of Japan, Konokawa coast, Iyo, Ehime pref., Shishikawa coast, Togitsu, Nagasaki pref., and Akasaki coast, Ofunato, Iwate pref. respectively (Kagami et al. 2005 . The germlings of the zoospores or gametes released from the collected thalli were isolated and individually cultured in 300-ml Erlenmeyer flasks. Pairs of mt ϩ and mt Ϫ cultures were identified by examination of mixed gametes for syngamy under a light microscope. We named the cultured strain of mt ϩ gametophyte of the Ehime line as MGEC-1, and mt Ϫ gametophyte as MGEC-2, also for the Nagasaki line as MGEC-3 (mt 
. The strains are maintained in the culture collection of Nagasaki University (Nagasaki, Japan).
Following the induction of gametogenesis, gametes were released from MGEC-1 and -2 after 2 d, and from MGEC-5 and -6 after 3 d (Fig. 1) . Positive phototaxis was used to collect the gametes. Gametes of different mating type were mixed in a glass tube. Zygotes were collected using their negative phototactic response. The zygotes were then transferred to 300 ml Erlenmeyer flasks or 500 ml conical beakers containing fresh medium and cultured statically for several weeks. Those sporophytes that were several centimeters in length were then transferred to a new medium and cultured under the same conditions as the gametophytes.
Construction of the microsatellite-enriched genomic library and screening
Genomic DNA was extracted and purified from the gametes of MGEC-1 according to a usual method. Gametes were chosen to avoid contamination of residential microorganisms. The microsatellite-enriched genomic library was constructed following the methods of Hamilton et al. (1999) and Glenn et al. (2000) . Briefly, approximately 4 mg of genomic DNA was digested 4 h with HaeIII or RsaI restriction enzymes (Takara Bio Inc.) at 37°C. The fragments were dephosphorylated with Alkaline phosphatase (Shrimp) (Takara Bio Inc.). To inactivate the enzymes, samples were heated to 80°C for 20 min. Double-stranded SNX linkers (Hamilton et al. 1999) were ligated using T4 DNA ligase (New England Biolabs) incubated at 16°C overnight with XmnI restriction enzyme to prevent linker dimer formation. The linker-ligated genomic DNA was denatured and hybridized with biotinylated (GT) 15 , (CT) 15 , (CAG) 10 and (CAT) 10 oligonucleotides. Hybridized fragments were then captured with Streptavidin MagneSphere Paramagnetic Particles (Promega). Enriched genomic DNA fragments were recovered by denaturing from oligonucleotide probes and made double-stranded by polymerase chain reaction (PCR). PCR products were purified with QIAquick PCR purification kit (QIAGEN) and inserted to pGEM T-Easy vector (Promega) and cloned in Escherichia coli competent cells. Colony hybridization were performed for screening colonies using (GT) 15 , (CT) 15 , (CAG) 10 and (CAT) 10 repeat oligos with the ECL direct nucleic-acid labeling and the detection system (GE Healthcare; see Sambrook et al. 1989 for colony lift details).
DNA Sequencing
Inserts of colonies were amplified with plasmid primers M13 and sequenced with an ABI PRISM 3130 genetic analyzer (Applied Biosystems). Sequences were visualized and aligned using SEQUENCHER (Gene Codes). Primers were designed using OLIGO Primer Analysis Software v6.44 (Molecular Biology Insights Inc.) and PRIDE (http://www.dkfz-heidelberg.de/tbi/services /Pride/search_primer).
Characterization of microsatellite markers
To characterize the nine microsatellite markers amplified by our nine primer pairs, genomic DNA was extracted from a total of 60 thalli of each 10 gametophytes of MGEC-1 (mt
) and MGEC-6 (mt Ϫ ). DNA was extracted and purified using the Easy-DNA Kit (Invitrogen) and the QIAEX II Gel Extraction Kit (Qiagen) according to the manufacturers' instructions. PCR was conducted in a reaction volume of 20 ml containing 1.6 ml template DNA solution or 8 ng genomic DNA from gametes, 2 ml 10ϫEx Taq buffer, 0.5 U of Ex Taq DNA polymerase (Takara Bio), 0.2 mM dNTP and 8 pmol of each primer. PCR conditions were an initial denaturation step at 94°C for 5 min, followed by 30 cycles of 94°C for 30 s, appropriate annealing temperature (see Table 1 ) for 30 s, and 72°C for 30 s and a final extension of 72°C for 7 min. PCR products were run on 12% non-denaturing acrylamide gels (100 V, 13 cm of gel length) and visualized with ethidium bromide. Electrophoretic patterns were analyzed with the software Densitograph (ATTO). The gene diversities were calculated using the ARLE-QUIN ver3.11 program (Excoffier et al. 2005) .
Results and discussions
The life cycle of U. compressa is very suitable for cytological investigation and genetic analy-2009 sis of sexual reproduction and organelle inheritance. The parthenogenetic germination of gametes is useful for establishing separate clones of mating type plus and minus gametophytes. It is necessary, however, for genetic analysis of organelle inheritance to remove contaminating parthenogenetic thalli from resultant zygotes with mating (as shown in Fig. 1c) . DNA markers based on the nuclear microsatellites are indispensable to track the pattern of organelle inheritance.
We finally isolated 1008 clones by using the microsatellite-enriched genomic library construction method. Inserts of 144 colonies of them were sequenced. Only ten inserts contained microsatellites with Ն7 repeat units. Primers could be designed for five in the ten inserts. These five primer pairs were confirmed to amplify the target microsatellite loci (Uc27, Uc63, Uc101, Uc139, Uc66 in Table 1 , Fig. 2 ), respectively. The rest of 864 colonies were screened by colony hybridization. A lot of false positive signals were seen because of the weak membrane washing condition and the only one insert out of 96 positive colonies contained a microsatellite with Ն7 repeat units. The insert was novel unique sequence. To avoid false positive signals, we strongly washed the membrane for further colony-hybridization. As a result, eight clear positive signals were detected. The inserts of these colonies were sequenced to detect five microsatellite loci and three of the five were novel unique sequences. Specific PCR primers could be designed for the four novel microsatellite loci. These four primer pairs were confirmed to amplify microsatellite loci (Uc310, Uc29, Uc62, Uc64 in Table 1 , Fig. 2 ), respectively.
Five in the nine microsatellite loci, Uc27, Uc63, Uc66, Uc139 and Uc310, were amplified in all cases using the genomic DNA from the total of 60 thalli. However, Uc62 and Uc101 were amplified only in the genomic DNA from MGEC-1, MGEC-2 and MGEC-4. Uc64 was not amplified in MGEC-5 and MGEC-6. Uc29 was not amplified only in MGEC-5. Such a result suggests that null alleles are present in these four loci, Uc62, Uc101, Uc64 and Uc29.
Allelic sizes of Uc27, UC101, Uc62 and Uc66 are largely different in the lines as summarized in Table 1 . These four loci contain two microsatellites which are separated by a non-microsatellite sequence ranging from 104 to 274 bp. Sequencing Uc66 in the three lines revealed that the two separate microsatellites were conserved in the two lines of Ehime and Nagasaki. In the line of Iwate, however, there was only one microsatellite (Fig. 3) . Deletion occurred between these two microsatellites loci seems to yield the large difference of allelic sizes in the three lines. There was a polymorphic difference such as one or two microsatellites also in Uc27, Uc101 and Uc62 (Fig. 2) .
The nine microsatellite loci including Uc27, UC101, Uc62 and Uc66 which have the two separate microsatellites had 7 to 19 alleles per locus at an average of 12.8 per locus. Their gene diversities ranged from 0.81 to 0.95, indicating that the nine microsatellite markers are sufficiently variable. These microsatellite loci will be useful for genetic research and applicable for the study of genetic structure in U. compressa (Kagami et al. 2008) . 
